Background: acquired joint contractures have significant effects on quality of life and functioning. Objective: to determine the effects of interventions to prevent and treat disabilities in older people with acquired joint contractures. Methods: systematic search (last 8/2016) via Cochrane Library, PubMed, EMBASE, PEDro, CINAHL, trial registries, reference lists of retrieved articles and scientific congress pamphlets. Controlled and randomised controlled trials in English or German comparing an intervention with another intervention or standard care were included. Two independent researchers performed the selection of publications, data extraction and critical appraisal. Results: seventeen studies with 992 participants met the inclusion criteria: 16 randomised controlled trials and 1 controlled trial (nursing homes = 4, community settings = 13). The methodological quality of the studies varied. Splints were examined in four studies, stretching exercises in nine studies, and ultrasound, passive movement therapy, bed-positioning and group exercise were each examined in one study. Studies on splints revealed inconclusive results regarding joint mobility or spasticity. Five of seven studies that assessed active stretching programmes for healthy older people reported statistically significant effects on joint mobility in favour of the intervention. Pain, quality of life, activity limitations and participation restrictions were rarely assessed. Conclusion: the evidence for the effectiveness of interventions to prevent and treat disability due to joint contractures is weak, particularly for established nursing interventions such as positioning and passive movement. Better understanding is required regarding the delivery of interventions, such as their intensity and duration. In addition to functional issues, activities and social participation should also be studied as outcomes.
Introduction
Joint contractures are common in older people in geriatric settings [1, 2] . They are characterised by restrictions in physiological joint mobility and can even lead to immobility [3] . Older people with joint contractures may experience high levels of disability, and limitations in mobility may lead to restricted participation [2, 4] . However, studies on the topic have focused mainly on body functions, and especially range of motion. This focus is reflected in the existing reviews. A Cochrane review analysed the effectiveness of stretching in the treatment and prevention of contractures in 35 studies with 1,391 participants of various ages across all health care settings [5] . Stretching interventions did not show any clinically important effects on joint mobility in older people with contractures, nor did they reveal which people were at risk of contractures. Another Cochrane review of passive movement for the treatment and prevention of contractures provided no clear evidence from two studies that included 122 participants with neurological conditions [6] .
An earlier systematic review summarised eight studies that dealt with interventions to prevent contractures in geriatric settings. The internal validity varied, and the results were inconclusive [7] . The focus of the review was prevention, and only outcomes for body functions and body structures were investigated. Studies of joint contractures in specific diseases such as stroke were excluded.
Recent studies have revealed that from the perspective of the affected individuals and that of experts in the management and care of individuals with joint contractures, activity limitations and participation restrictions are the most relevant aspects [8] [9] [10] . Thus, a review of a broad scope of interventions to address the whole range of functioning and disability, from body functions to activities and participation, in a variety of settings and populations, seems justified.
We performed a systematic review of interventions for the prevention and treatment of disabilities from joint contractures in older people compared with other interventions or standard care.
Methods
A systematic literature search was conducted in the Cochrane Controlled Trial Register, MEDLINE (via PubMed), EMBASE, PEDro, CINAHL and the International Clinical Trials Registry Platform (ICTRP). The initial search took place between November 2014 and February 2015; an update was conducted in August 2016. The reference lists in the retrieved articles were reviewed for additional studies. Experts in the field who were personally known to the authors were contacted to identify unpublished or ongoing studies. A forward citation search was conducted for references of the included studies in Google Scholar, Web of Science and Scopus. The search strategy followed the recommendation of the Cochrane Handbook for Systematic Reviews of Interventions 5.1.0 [11] . A manual search for abstracts written for various scientific congresses was performed. The search strategy and a list of conference proceedings are provided in the Supplementary data, available at Age and Ageing online.
Selection criteria
Titles, abstracts or full texts of identified studies were examined independently by two researchers applying the following predefined inclusion criteria:
• randomised or non-randomised controlled study, • any intervention for the prevention and/or treatment of disability from joint contractures together with another intervention or usual care or non-treated control group, • living in residential care facilities or community dwelling, • age 65 years or greater, • joint mobility and any aspect of functioning and disability as an outcome, • any publication date.
The categories of interventions are described in detail in the Supplementary data, available at Age and Ageing online.
The exclusion criteria were
• congenital contractures, Dupuytren's contractures, Ledderhose's contractures or burn scars, • medication intervention or surgical therapy, • acute care hospital or rehabilitation facilities, • language other than English or German.
Critical appraisal
Two independent authors (S.S. and J.B.) assessed the reported methodological quality of the studies to identify any potential source of systematic bias. Disagreements were resolved by discussion and finding a consensus, or by consulting a third researcher (G.M.). Critical appraisal followed the Cochrane Handbook for Systematic Reviews of Interventions, version 5.1.0 [11] . The data extraction sheet is available from the authors on request.
Data extraction and synthesis
The data from the included studies were extracted independently by two reviewers (S.S. and J.B.), using the template for intervention description and replication (TIDieR) and the Cochrane Handbook for Systematic Reviews of Interventions, version 5.1.0, and cross-checked for accuracy [11, 12] . Disagreements were resolved by discussion and consensus finding.
As anticipated, the included studies were heterogeneous in terms of settings, interventions and outcome measures. Therefore, a narrative synthesis was conducted following generally accepted methods for systematic reviews, as suggested by the York Centre for Reviews and Dissemination [13] . In cases in which the effect sizes were missing in the original papers, the mean differences between the study groups were calculated from means, standard deviations (SDs) and the number of analysed cases per group derived from the original papers (conducted by S.S.). Harvest plots were used for visualisation [14] .
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Results
Our search revealed a total of 1,816 papers; 1,799 papers were excluded for various reasons as displayed in Figure 1 . The analysis sample comprised 17 studies with 992 participants. Sixteen studies were individually randomised, and one was a non-randomised controlled trial. The studies were published in seven countries between 1984 and 2013. The sample sizes ranged from 8 to 208 participants, and the mean age ranged from 58 to 86 years. In one study, the mean age of the control group participants was 58 years, which is lower than the age predefined in the inclusion criteria. Because the mean age of the participants in the intervention group was 66 years, we decided to include the study in our review. Four studies took place in nursing homes, and the others took place in the community. The characteristics of the included studies are displayed in Table A , Supplementary data, available at Age and Ageing online. In two cases, the corresponding author of the primary study was contacted. Both authors responded; one author provided the requested information on baseline characteristics [18] , and the other informed us that the requested data on the predefined follow-up assessments were unavailable [29] .
The methodological quality of the studies varied widely. Four studies discussed splints, nine studies discussed stretching exercises and one study was found for each of the following interventions: ultrasound, passive movement therapy, a bed-positioning programme and a group exercise programme. The methodological quality of each study (see Table B , Supplementary data), a 'risk of bias' summary on all studies (see Figure A , Supplementary data), a description of the study characteristics (see Table B , Supplementary data) and details of the intervention in each of these studies (see Table B , Supplementary data) are available at Age and Ageing online.
Outcome measures
In all, 13 of the 17 studies investigated joint mobility [16, 17, 19-27, 29, 30] , 3 investigated spasticity [15, 18, 28] and pain [28] [29] [30] , 5 investigated performance-oriented items such as gait speed [21-23, 25, 26] and 2 used self-rated questionnaires with items that addressed activities of daily living [17, 31] .
Effects of interventions
The results of the studies are summarised in Table 1 and depicted visually in Figure B , Supplementary data, available at Age and Ageing online.
Splinting
Four studies investigated the effects of splinting; three compared splinting with usual care (76 participants) [15] [16] [17] and one investigated wearing splints for two different lengths of time (14 participants) [18] .
Only one study reported significant improvement in the passive range of motion in wrist extension after radial fracture (mean difference, 6°; 95% confidence interval, 1°-12°) [17] . Neither of the other two studies reported significant effects between groups regarding range of motion or spasticity. It also remains unclear whether wearing splints over different lengths of time affects spasticity after a stroke [18] . Adverse events: transient numbness in the index finger (n = 1) and pain in the wrist (n = 1); adverse events resolved immediately when splints were removed, no long-term effects were noted
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Interventions for the prevention and treatment of disability due to contractures Evaluation (PRHWE) and the Canadian Occupational Performance Measure (COPM) and showed no significant improvement [17] , and none of the studies considered pain as an outcome. One of the four splinting studies reported transient numbness or pain after wearing the splints in 2 of the 19 participants [17] . None of the other studies reported a predefined assessment of adverse events.
Stretching interventions
Seven studies investigated the effects of stretching programmes in healthy older people (388 participants) [19] [20] [21] [22] [23] [24] [25] and two studies reported on stretching approaches on frail older people (111 participants) [26, 27] .
Stretching interventions in healthy older people
Two of the seven studies in healthy older people in which stretching interventions were compared with no interventions or with sham interventions reported a significant improvement in range of motion (rate of change in passive extension restriction 60-s stretching group [±standard error] of −2.37 ± 0.27 compared with 0.40 ± 0.32 in the no-stretching group [P < 0.05]; an increase in passive hip extension in the intervention group of 5.70°[P = 0.023] compared with the control group) [19, 21] . Three studies showed inconclusive results for joint mobility [22] [23] [24] and two studies reported no difference between groups regarding range of motion [20, 25] . The two studies that showed effects on range of motion conducted stretching for longer than 30 s [19, 21] , whereas two of the three studies that were inconclusive or had no effect on the range of motion used stretching durations of 30 s or less [20, 23] . Two studies in healthy older people demonstrated effects by improving gait speed (increase in freely chosen gait speed of 0.07 m/s; P = 0.016; mean [±SD] 1.22 ± 0.13 m/s in the intervention group compared with 1.06 ± 0.09 in the control group; P < 0.05) [21, 22] , whereas two studies showed no differences in gait speed [23, 25] . One study reported no adverse events [20] , and another reported an accidental fall in the intervention group, although no further circumstances were described [21] . None of the other studies reported a predefined assessment of adverse events.
Stretching interventions in frail older people
One study in which active stretching exercises for hip extension were compared with a sham intervention in frail older people showed no improvement in range of motion and unclear results regarding gait speed [26] . The authors presumed that the effect of the exercises (performed in a kneeling position) was reduced by the frail study population's multiple health problems and reduced abilities. Another study compared low-load passive stretching for 1 h with a traction device (modified Buck's skin traction, used after leg fractures) with manual passive stretching and passive movement therapy in non-ambulatory older people. This study found an improvement of 10°in passive knee Kudo et Where effect sizes were missing in the original paper, the mean difference between groups was calculated from means and SDs derived from the original papers. Where more than one measure was used for an outcome, the primary outcome measure is displayed in the table.
b Calculation of mean difference was not appropriate because of baseline differences between groups.
c
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extension in favour of the low-load prolonged stretch (P < 0.05) [27] . None of the studies reported a predefined assessment of adverse events.
Passive movement interventions
One study investigated passive movement interventions in 102 participants [28] . Passive movement therapy carried out by physical therapists was compared with standard care in persons with severe paratonia caused by dementia. Spasticity of the legs in the intervention group increased compared with the control group (modified Ashworth Scale, mean change ± SD 2.2 ± 4.9 in the intervention group and 0.1 ± 4.9 in the control group; 95% confidence interval, 0.1-4.1), whereas no significant difference regarding the spasticity of arms or pain was observed between the groups.
Bed-positioning programmes
One study compared a bed-positioning programme with standard care for 18 people in a chronic care hospital [29] .
No group differences in range of motion or pain were observed. Reddening of the skin over the knees caused by the bed sheet was reported as an adverse effect, but the number of affected persons was not specified.
Ultrasound
One study investigated ultrasound combined with exercise therapy in comparison with exercise therapy alone in 74 older people with osteoarthritis of the knee [30] . No group differences were observed in range of motion or pain. No other outcomes or adverse events were assessed.
Group exercise programme
One study compared a group exercise programme with a selfadministered home exercise programme in 209 women with osteoarthrosis [31] . A significant difference between groups was observed using the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) (mean change ± SD 10.2 ± 10.3 in the group exercise programme and 3.2 ± 8.7 in the control group; P < 0.05). None of the studies assessed adverse events.
Discussion
Our systematic review deals with studies in which interventions for the prevention and treatment of disabilities from acquired joint contractures in older people were compared with other interventions or with standard care. We identified several different interventions. Few studies assessed the effects of splints. Although the scope of our review differed from that of a Cochrane review on stretching for treatment and prevention of joint contractures and the sample of included studies thus deviated [15] , our results point in the same direction. The Cochrane review reported that splinting has no effects on joint mobility (mean difference 0°; 95% confidence interval -1°to 0° [15] . No evidence was found regarding the effects of splints on pain, quality of life or participation.
Stretching exercises seem to be effective as another common intervention for healthy older people with joint contractures. But the evidence is insufficient to allow the effect in frail older people to be estimated, possibly because frail older people are barely able to perform most of the standardised stretching exercises, such as stretching the hip flexors. Frail older people are less likely than healthy older people to use their full range of motion in activities of daily living. Thus, randomised controlled trials that provide exercises tailored to the capacity of frail older people are needed.
The effects of stretching intensity on range of motion are uncertain [32] . Despite the weak body of evidence, a relationship seems to exist between the effectiveness and the duration of static stretching. A 30-s duration has been assumed to be effective for enhancing range of motion [33] and was used in most studies of stretching exercises. However, the findings of a study in older people suggested that a stretching time of 60 s is more effective than 30 s [19] . This ambiguity might explain the heterogeneity of the results of stretching exercises in older people; the studies that reported significant improvements with active stretching exercises used a stretching time of 45-60 s per stretch, whereas the studies that did not show significant improvements used a stretching time of only 30 s. To further verify this relationship, comparative studies in older people are needed. Although our review indicates that stretching might influence activities such as gait speed, nothing is known about whether stretching exercises affect quality of life, pain or participation. The benefit of active stretching exercises in frail older people remains unclear.
Common measures for the prevention of joint contractures in frail older people, such as positioning or passive movements, have barely been addressed by clinical studies. The few existing studies indicate missing effects and, in the case of passive movements, even a risk of increasing spasticity in patients with severe paratonia caused by dementia.
Our systematic review unveils the unsatisfying body of knowledge regarding interventions for the prevention and treatment of disability from acquired joint contractures in older people. Most of the identified studies focussed on outcomes related to body functions and body structures, specifically joint mobility. Aspects of activities involving more comprehensive outcomes were rarely examined, and aspects of participation or quality of life remain unaddressed. Adverse events were not reported by default. Only a few studies investigated frail older people in nursing homes.
Limitations
Our results are difficult to interpret due to the heterogeneity of the interventions and the study populations. The review has limitations owing to the shortcomings of the underlying studies. Ten of the 17 included studies gave an inadequate description of the randomisation procedure or group allocation. Nine studies raised uncertainties concerning the handling of incomplete data. In several studies, no predefined primary or secondary endpoints were stated. Twelve studies did not report the assessment of adverse events or reported an insufficient estimate of the effect size. The reports on the interventions used in the control group and in usual care were incomplete in about half of the studies.
We did not check for publication bias; a meta-analysis was not reasonable due to the heterogeneity of the interventions and study populations. A language bias introduced by the English and German language restriction could not be ruled out.
Our search of the reference lists of systematic reviews revealed only a few additional references. To minimise the risk of missing further eligible studies, we also conducted a forward citation search [34] , contacted experts in the field and searched trial registers. Further valuable strengths of our review include an unlimited search period and our assessment of the comprehensive description of the interventions according to recently published reporting statements [12] .
Conclusions
Our systematic review revealed a significant lack of research on interventions for the prevention and treatment of disability from joint contractures in older people. Sufficiently robust randomised controlled trials using valid effect size estimates on patient-relevant outcomes are needed to assess the effects of established measures for the prevention and treatment of joint contractures on activities and participation in older people. The heterogeneity of outcomes and assessments indicates the importance of a consensus regarding a core outcome set for joint contractures. Assessment of adverse events must be an integral part of the outcome assessment. Future studies should contribute to a better understanding of the influence of the frequency, duration and intensity of interventions on the results and should take into consideration the specific conditions of older people. Amongst other things, the superiority of 60-s stretches over 30-s stretches in older people requires confirmation. Improved study reporting is urgently required to ease the appraisal of the studies' internal validity and the intervention components [12, 35] .
Future studies should account for the abilities of older people when modelling and assessing interventions. Interventions should be broad and should consider more than simply issues of body functions and structures, which are undoubtedly relevant. Aspects of activities such as self-care, walking or shopping and self-determined participation, including leisure activities, are very relevant from the patients' perspective and should be addressed.
The results indicate that active stretching programmes for healthy older people might be effective in increasing joint mobility. In accordance with the Cochrane review [5] , the use of splints in participants with joint mobility restrictions seems to have no benefits. However, the findings of our systematic review are not sufficient to lead to clear implications for clinical practice. Future studies should not simply consider functional issues but should also investigate activities and participation.
Key points
• Little is known about the effects of nursing interventions that target care-dependent older people with joint contractures.
• Active stretching programmes for healthy older people might improve joint mobility, whereas the use of splints might not.
• Further research is needed to understand the effects of established nursing interventions and to explore the optimal frequency, duration and intensity of these interventions.
• Interventions and outcome measures should not only address functional issues but should also investigate activities and participation.
